This presentation will focus on extracranial and intracranial arterial disease. I shall consider the factors that contribute to the presence of moderate to severe atherosclerotic stenosis, that is >_75% area of the lumen compromised, and the extent to which this arterial disease contributes to the occurrence of stroke. I shall only be able to consider carotid stenosis in any detail, as there is little or no information on vertebral-basilar stenosis. To the extent that large artery stenosis contributes to stroke, if it were strictly by volume of brain affected, one would expect that perhaps 25-30% might be attributed to the vertebral-basilar arterial circulation, that is, the circulation to the brainstem, cerebellum, and the posterior part of the cerebral hemispheres.
We shall first consider the factors that contribute to moderate/severe extracranial carotid artery stenosis. The studies that have addressed this include groups of patients who have had noninvasive examinations of carotid arteries (1) and one group that had angiographic studies (2). In both types of studies, a majority of patients studied, and in some studies all patients, had ischemic cerebrovascular symptoms. Although there is too much bias to assess prevalence of arterial disease from such studies, one can assess the factors present which contributed to the presence of moderate/severe carotid stenosis.
In the angiographic study (754 patients) for which I was one of the investigators (2), the age-and sexadjusted logistic regression analyses showed that the significant variables that contributed to moderate or severe extracranial carotid stenosis were several cigarette smoking variables, hypertension/high blood pressure, and diabetes mellitus (2) ( Table 1) . With these significant variables in the model, multiple logistic regression analysis showed that the variables noted in Table 2 were the significant independent predictors of moderate/severe extracranial carotid stenosis in the final model. Therefore, this model indicates that the independent predictors of moderate to severe extracranial carotid stenosis, other than age and sex, are duration of cigarette smoking, hypertension (whether or not it is treated), and diabetes mellitus. Although hypertension is associated with an 80% increase in the risk, cigarette smoking independently increased the risk by 40% for every 10 years of smoking. At age 60, in a person who has smoked since age 20, the risk over that of a non-smoker is about 3.5 times. At age 60, a person who smoked from age 20 and stopped at age 40, the rate of increase was the same as that for a non-smoker but at a higher level of odds ratio.
Extending this farther back in time mathematically, comparing a 60 year old who has smoked since the age of 15 with one who has never smoked, the risk was about 13 times higher in the smoker, and with each of these compounded by hypertension and/or diabetes. Cessation of smoking at any point is associated with continued progression from the higher level of severity but only at the rate of increase associated with age (2).
In a smaller number of patients (240), we also (1994) assessed the independent predictive value of the levels of lipids and lipoproteins on the presence of moderate/severe extracranial carotid stenosis. Among the lipids and lipoproteins, only LDL cholesterol was marginally significant with a P value of 0.04, in the presence of the other significant variables, indicating a 6% increase for each 10 mg/dl of LDL cholesterol (3). Another study (4) has shown a small protective effect of HDL cholesterol. The prevalence of moderate / severe extracranial carotid stenosis has been determined in the Cardiovascular Health Study (CHS) by ultrasonography (5). This is a study of a sample of the patients in the Medicare population over the age of 65 in four communities in the United States. The prevalence is a little higher in men than in women and increases with age (Table 3) . The prevalence at ages under 65 is less certain as there are no definitive studies, but the prevalence of severe stenosis is very low at these ages. The prevalence in the ages under 65 of 2% or less is based on limited information from population-based ultrasound and doppler studies in two European communities (6, 7).
The other information that is needed to assess the contribution to stroke is the relative risk for stroke of moderate / severe carotid stenosis. Two different studies, one judging from carotid ultrasonography (8) and another judging from pressure significant OPG abnormalities (9), each indicate the risk of stroke at a little over 3 % per year for the first few years when there is carotid stenosis of >_75% of the area of the lumen, which represents > 50% linear P R 1 +1 P=prevalence; R=relative risk. PAR = population attributable risk or the population of stroke in the population of a given age that is attributable to that factor. With the prevalences and the relative risks that I have noted, this is about 20% or less in the younger stroke ages, that is less than 75 years of age, and only about 7-8% over the age of 85 (Table 3) . These observations do not consider any potential influence of treatment, either surgical or medical. These population attributable risks also do not consider confounding by comorbid conditions.
Recently more attention has been focused on the role of aortic arch lesions as a source of cerebral embolus. Dr. Yamaguchi and his colleagues (10) have called this to our attention in a recent publication. It is not yet clear where such lesions fit in the whole scheme of pathophysiology and there are no population-based studies to indicate the prevalence of such lesions, but it is a potential mechanism that deserves further attention. Such lesions may be studied by echocardiographic techniques, particularly transesophageal echocardiography.
I would like to make a few observations about intracranial stenosis, and most of the information is on moderate/severe intracranial carotid stenosis. Using angiographic data, the age and sex adjusted logistic regression for individual variables showed that several smoking variables, hypertension vari-stenosis. This risk would appear to be the risk at any age. That is, if that severity of disease is present, that level of risk is present at any age. This would indicate then that the real relative risk compared to the risk of stroke in a normal population would be highest at younger ages because the incidence of stroke (or the expected rate) is lowest at those ages. As Table 3 shows, the relative risk at age 55-64 years is 15 times the population risk at that age (the population risk is 0.2%/year), and after age 85 is only twice the population risk (population risk less than 2%/year). For severe carotid stenosis (>90%), the relative risk is undoubtedly higher but the prevalence is much lower, so the impact may be comparable.
We can estimate the proportion of ischemic stroke at different ages that can be attributed to moderate to severe extracranial carotid stenosis from the following formula: PAR= P R-1 X100 ables, plus HDL l total cholesterol ratio and apolipoprotein A-1 were significant predictors of intracranial carotid stenosis (11) ( Table 4 ). The variables that were significant predictors of moderate to severe Intracranial carotid stenosis in the multivariate logistic regression were very similar to those which predicted extracranial carotid stenosis. Duration of cigarette smoking and hypertension were again the prominent ones and a significant protective effect was noted with increasing levels of apolipoprotein A-1(11) ( Table 5) .
There is very little information about prevalence of moderate to severe intracranial stenosis. An angiographic study, including only those patients who had an indication for angiography not related to cerebral ischemia, showed a prevalence of intracranial carotid moderate/severe stenosis of 2% for patients age 45-69 (12) . A further analysis of these data indicated that the prevalence was higher in older than in the younger age groups but not much different in men and women. Age-specific prevalence estimates in men and women are noted in Table 6 , indicating doubling with each 10 years of increasing age. These could well be over estimates because of selection bias in the study sample.
There are no population-based data. It has been noted recently (13) that there was a strong correlation between carotid and basilar artery atherosclerosis in a series of patients with occlusions of the internal carotid, the middle cerebral artery, and the basilar artery. This could well be the case for stenosis also.
The risk of ischemic stroke in patients with intracranial carotid arterial stenosis is also not known. If the risk was about 3% per year, as in extracranial stenosis, this would be about four times the expected risk of stroke at age 70 and would indicate a population attributable risk of about 10% for intracranial moderate/severe stenosis at that age, not accounting for confounding. Of course, it would be higher at younger ages because the expected stroke rate would be much lower.
There is evidence that there are ethnic differences in the distribution of extracranial and intracranial atherosclerosis. It has been suggested that nonwhites in the U. S. have a lower frequency of extracranial carotid stenosis than do whites (14, 15) and also that Japanese have less extracranial carotid stenosis and more Intracranial stenosis than do Caucasians (16, 17) . These increased frequencies are not well documented in population-based studies and do require further study.
In our angiographic studies of extracranial and of intracranial carotid stenosis in persons without cerebral ischemic symptoms, the prevalence of moderate/severe stenosis is more or less additive, that is, there is only minor overlap between these two conditions, suggesting that certain individuals are more subject to the risk of one or the other, and usually not both. These observations of ethnic differences and individual differences suggest that the selected localization of atherosclerotic sclerosis is at least partially genetically determined.
Putting all of this into perspective, Table 7 provides estimates of the percentage of ischemic stroke that is caused by different pathological substrates. These estimates do not allow correction for confounding. Extracranial and intracranial carotid stenosis together account for about the same proportion of ischemic stroke as does cardiac source of embolus. Deep penetrating arterial or arteriolar disease accounts for about 15% of ischemic strokes (18). The proportion for vertebral basilar stenosis is a crude estimate based on a proportion of those with carotid stenosis. 
